Extensive organic characterisation of a wastewater using liquid chromatography with a 13 photodiode array and fluorescence spectroscopy (Method A), and UV 254 , organic carbon and 14 organic nitrogen detectors (Method B) was undertaken, as well as with fluorescence 15 excitation emission spectroscopy (EEM). Characterisation was performed on the wastewater 16 before and after ion exchange (IX) treatment and polyaluminium chlorohydrate (PAC) 17 coagulation, and following microfiltration of the wastewater and pre-treated wastewaters. 18
Introduction 41 42
A major drawback of membrane filtration for drinking water treatment and wastewater reuse 43 is fouling caused by natural organic matter (NOM) (Lee et al., 2004) . Fouling studies carried 44 out using natural waters have reported that neutral hydrophilic components of NOM are more 45 significant foulants (Carroll et al., 2000) than hydrophobic components, these being 46 considered to contain biopolymers. Biopolymers contained in the hydrophilic NOM 47 conventional alum coagulation not only improved the removal of DOC, but also the range ofThe complex nature of organic fouling and the potential to achieve extremely low rates of 151 fouling by tailoring water quality for specific membrane materials has been demonstrated in 152 at least two studies. Galjaard polysilicato iron removed only slightly more hydrophobic organic material from surface 159 water than polyaluminium chlorohydrate, but resulted in significantly lower fouling for a 160 hydrophilic PVDF membrane but not for a hydrophobic polypropylene membrane. Both 161 studies demonstrate that the mixture of organic components had a dramatic effect on 162 membrane fouling, and that outcomes were also governed by the membrane properties. 163
164
The significance of interactions between specific organic components and membrane 165 properties has also been highlighted by (2008) , who investigated the fouling of 166 different surface waters on membranes of varying composition. A water with minimal low 167 MW UV 210 adsorbing compounds had substantially greater flux recovery upon backwashing 168 for a hydrophilic PVDF membrane than a hydrophobic membrane. By comparison, a surface 169 water higher in concentration of low MW UV 210 adsorbing compounds resulted in greater 170 irreversible fouling of the hydrophilic PVDF membrane. It was suggested that the low 171 molecular weight UV 210 adsorbing compounds assisted in adhering the higher molecularcould adhere to the hydrophobic membrane in the absence or presence of these compounds.
Similar effects have also been reproduced in laboratory tests using protein and alginate 175 solutions 2011) . 176 177 Therefore, better understanding of the removal of specific organic species by pre-treatments 178 and their subsequent effect on membrane fouling may enable the selection of membrane 179 types to compliment pre-treatment processes for specific waters, so as to reduce the extent of 180 membrane fouling. The proof of concept for this has been shown by the work of Galjaard removal of NOM in drinking water treatment (Mergen et. al; 2008) . The secondary 220 wastewater was treated with 5 mL/L of settled MIEX™ by stirring at 180 rpm for 15 minutes 221 with a 60 mm x 20 mm paddle in a 1 L square glass jar. Settled water was decanted and 222 vacuum filtered through a 1 µm pore size filter (Whatman GF/C) to move resin fines. Thiswas repeated 5 times using the same MIEX™ resin, such that the dose of MIEX™ was 224 equivalent to treating 1000 bed volumes (BV) of water (5 L water treated with 5 mL of resin). 225 This is a comparatively low dose of MIEX™ resin, with greater doses commonly used 226 commercially (i.e. 600 BV). This water is referred to as IX water in the following discussion. 227
228
For coagulation treatment with Poly Aluminium Chlorohydrate (PAC), a 10,000 mg/L Al 2 O 3 229 (23% w/w) solution was dosed at 70 mg/L, which was equivalent to 27 mg/L Al The quality of wastewater samples before and after pre-treatments were analysed for pH, 239 conductivity, ultraviolet absorbance at 254 nm (UV 254 ), DOC and true colour. DOC was 240 measured using a total organic carbon analyser (TOC-V CPH/CPN ) (Shimadzu, Japan). Both 241 colour and UV 254 were measured using a HACH DR 5000 spectrophotometer. True colour 242 was measured using a 5 cm quartz cell at 456 nm and converted to Pt-Co units following 243 calibration against a Platinum/Cobalt standard. UV 254 was measured through a 1 cm quartz 244 cell. Quantitative measurement of selected ions, namely calcium, sodium, magnesium and 245 potassium, were performed using inductively coupled plasma atomic emission 246 spectrophotometer (ICPE 9000-AES) (Shimadzu, Japan). TMP was also corrected for the effect of the backpressure in the fibre arising from the potting 333 of the membrane by measuring the pressure drop across the potted fibre at the conclusion of 334 the experiment. A typical temperature corrected TMP vs. time profile is shown in Fig. 2a . 335 TMP data from the backwashing period were omitted for the clarity (Fig. 2b ) and the last 336 TMP point of each filtration cycle before backwashing was used to represent the TMP vs. 337 time profile (Fig. 2c) . The EEM spectra of all the water samples show at least two peak locations (350 nm/447 nm, 383 240 nm/447 nm ex/em). EEM spectrum for ETP raw water (Fig. 3a) shows responses for only 384 humic and fulvic like substances. Both IX and PAC waters (Fig. 3 b and c) show less 385 intensity at 350 nm/447 nm indicating that humic-like compounds were removed by these 386 treatments. Notably, there were no significant spectra for biopolymers at the shorter 387 excitation and emission wavelengths. Fig. 4 for each water. High MW structures or 416 biopolymers, have significant peaks in the DOC chromatograms and smaller peaks in theand polysaccharides, cannot usually be detected by UV 254 absorbance, and the lack of a 420 biopolymer peak at this wavelength is commonly observed. However, for UV 210 (Method A), 421 there was a peak at circa 50 kDa indicative of the presence of protein-like biopolymer. The 422 chromatograms in Fig. 5a show that the high MW compounds contribute to the UV 210 signal 423 for the raw and IX waters, but it is absent following PAC coagulation. 424 filtration. An increase in aggregation tendency of tryptophan-like compounds following the 498 removal of small MW "building blocks" and neutrals (see Table 3 ) by ion exchange, would 499 suggests that these small MW compounds act to inhibit aggregation. Such a mechanism may 500 arise by low MW neutrals and "building blocks" terminating aggregation by competing for 501 binding sites and thereby reducing the likelihood of further aggregation, or by making weaker 502 interactions between entities (fewer bonding sites). Weaker interactions would increase the 503 aggregates sensitivity to shear rates resulting in smaller aggregates at a given shear rate. 504 Tables 4 and 5 list the calculated total peak areas at all retention times for wastewater before 520 and after pre-treatments by the different technologies. Results from LC Methods A and B 521
show similar removals of humic substances by IX and PAC treatments. For PAC treated 522 water, the percentage reduction in peak area for Method A UV 254 was 65-69% and for the 523 reduction with UV 254 nm (Method A) was ~59-63%, and for Method B it was approximately 525 60%. Overall, IX removed similar amounts of humic acids, more low MW acids and neutrals 526 and less biopolymers than PAC, and both Methods A and B confirm these trends. 527 528 Table 4 : Method A (LC-PDA-fluorescence) data for ETP, IX and PAC waters (calculated by 529 peak area units from Fig. 5a, 5b, 6 and 7 It is interesting to observe that the UV 210 results indicate that little material was removed by 538 either IX or PAC treatment when all retention times are considered. However, there was adramatic removal of UV 210 biopolymers (see Table 3 ). Additionally, IX removed greateramounts of the tyrosine and tryptophan like-compounds across all MWs (Table 4) than did  541 PAC, but less in the biopolymer fraction (Table 3) . Therefore, characterisation of the waters 542 via LC-fluorescence rather than EEM provides greater insight to the composition of the 543 water, as the changes in molecular weight for tryptophan and tyrosine-like compounds can be 544 observed following IX and PAC treatments which EEM is unable to detect. 545 The fouling rates (bar/h) were calculated from the data represented in Fig. 8 and are given in 556 Table 6 . It is interesting to note that the highest fouling rate was observed for IX treated water 557 during the first 24 h of filtration (i.e., after 41 backwash cycles). However, at longer filtration 558 times the fouling rate with IX treated water decreased to approximately 15% of its initialvalue. This change in fouling rate after 400 L/m 2 of water had been filtered (24 hours of 560 filtration) with IX treated water was reproducible, being observed for multiple filtration tests. 561 Similarly, the PAC treated water also had a reduced fouling rate after 24 h of filtration 562 (approx. 20%), although it commenced at a significantly lower initial fouling rate than the IX 563 water. The fouling rate of the ETP water remained constant throughout filtration at a rate 564 higher than either the >24 hour IX or PAC fouling rates. The order of decreasing fouling rates 565 of PP membrane for raw and treated waters was: IX (<400 L/m result from the mode of fouling changing from pore constriction via adsorption of organic 571 compounds to the membrane, to filter cake build up via multilayer foulant layers. Such 572 changes in fouling mode were described by , and suggest that filter cake 573 build up occurs over long time periods while pore constriction reduces with time. Pore 574 constriction resulting from adsorption of organic compounds on the membrane surface is 575 likely to be a competitive process, as competitive adsorption of organic components in NOM 576 is known to occur for activated carbon (Newcombe et al; . IX preferentially removes 577 the lower MW compounds, leaving a greater proportion of higher MW compounds available 578 for adsorption by the membrane. Large MW humics will result in greater pore constriction 579 than smaller MW compounds by virtue of their size, and therefore their increased tendency to 580 protrude from the surface. Additionally, the increase in the high MW tryptophan-like 581 response following IX treatment suggests that there was an increased tendency for either self 582 aggregation or with polysaccharides following IX treatment. Such a tendency would also 583 increase the degree of pore constriction as a result of the larger aggregates. 584 contains greater proportional amounts of low MW compounds, leading to reduced pore 587 constriction. The proportion of low MW: high MW organic compounds in ETP water will lie 588 between IX and PAC waters, and the resultant initial fouling rate was between the IX and 589 PAC fouling rates. 590 591 Cake filtration dominates the latter stages of filtration (>24 hours), and high MW 592 biopolymers are the major component of the cake layer. Therefore, greater removal of 593 biopolymers by PAC produces lower fouling rates in this region compared to IX. ETP water 594 has higher concentrations of biopolymers than either IX or PAC waters, and so had the 595 highest fouling rate at long filtration times. 596 597 (Fabris et al; , and no physical straining of these compounds from solution 606 would be expected given the small size of these compounds in relation to the pore size. 607
608
The high MW fraction (>50 kDa) biopolymers decreased in concentration following filtration 609 of the ETP, IX and PAC waters (see Table 7 ). The UV 210 response from Fig. 9 showed large 610 removal efficiencies for the high MW fraction (>50 kDa) of both the IX and PAC waters, 611 with UV 210 adsorbing biopolymer for PAC permeate below the detection limit of the 612 technique. The fluorescence response in Fig. 10 and Table 7 for the tryptophan-like proteins 613 (278 nm/343 nm) showed a similar trend to the UV 210 biopolymers, with high rejection for IX 614 and PAC waters. Again the tryptophan-like biopolymer peak for PAC water permeate was 615 close to the detection limit. The rejection of biopolymers from ETP water was moderate 616 (64% for UV210 and 38% for tryptophan-like compounds), and their incomplete rejection 617 during filtration suggests that size alone is not the basis for the removal of the biopolymer 618 compounds from non pre-treated wastewaters. The SEM images shown in Fig. 11 show that the amounts of gel layer present on the surface 634 of the PP membranes were lowest for the PAC filtered membrane and that the IX water 635 resulted in a reduced gel layer compared to ETP water. This corresponds to the same order as 636 the long term fouling rate and the amount of biopolymer present as determined by the OCD, 637
and is consistent with fouling by cake filtration arising from biopolymers. 638 639 
